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Abstract—Erosion on polymeric insulator surface caused by 
pollution affects their performance, until now there are no 
specific methods to determine their service life. Surface 
condition and their pollution severity of an insulator can be 
monitor by using leakage current frequency components. 
This paper presents time frequency distributions (TFD) for 
leakage current of polymeric insulation for high voltage 
applications. Tracking and erosion test (Inclined Plane Test 
(IPT)) complying with BS EN60587-2007 is conducted on 
polymeric insulation to collect different leakage current 
patterns. Since fast Fourier transforms (FFT) has limitation 
to analyze non stationary signal, thus time frequency 
distributions (TFD) shown in time frequency representation 
(TFR) with temporal and spectral is used. The verification 
using both methods on several disturbances signal with 
known parameters have been made and mean absolute 
percentage error (MAPE) used to identify the accuracy of 
both methods. The parameters measured are root mean 
square (RMS), total harmonic distortion (THD), total non 
harmonic distortion (TnHD) and total waveform distortion 
(TWD) used to determine the best method to analyze 
leakage current. The comparison shows that s-transform
method is offer higher accuracy than spectrogram because it 
has better time and frequency resolution.
Keywords---Time frequency analysis; Spectrogram; S-
transform
I. INTRODUCTION
Polymeric insulation has been widely accepted all over 
the world. They have greater properties than ceramic 
insulator in term of weight, hidrophobicity and dielectric 
strength. However, the life performance of polymeric 
insulator still unknown due to insufficient physical 
resistance and chemical degradation on its surface [1].
Surface condition of polymeric insulation material and 
their pollution severity can be determined by frequency 
component of leakage current. Time frequency 
distribution (TFD) used as a method for varieties of 
applications such as power quality because it is 
appropriate for examining non stationary signals as can 
be seen in [2-5].
Most previous works use fast Fourier transform (FFT) 
to analyze the leakage current signal. However, it does 
not provide temporal information and is not appropriate 
for non stationary signal. Real signal hold not only 
fundamental frequency, 50 Hz but also contains 
harmonics and inter-harmonic components [6]. The 
analysis using time frequency distribution (TFD) such as 
spectrogram and s-transform can be used to identify the 
harmonic and inter-harmonic components. As stated in
[7, 8], the weakness of spectrogram is it has fixed 
resolution so it does not track the signal dynamics 
properly. The pattern of the leakage current has been 
stated in [9-11]. The extracted information from both 
methods which is root mean square (RMS), total 
harmonic distortion (THD), total non harmonic distortion 
(TnHD) and total waveform distortion (TWD) need to be 
considered when analyzing the signal because the content 
of total frequency could have strong influence into signal
and can be use to determine the severity of the surface 
condition [12].
Incline Plane Test (IPT) that complying with BS EN 
60578-2007 was conducted on Polypropylene polymeric 
composite to simulate a set of different LC patterns from 
capacitive, resistive or hydrophilic state and local arcing 
event. This research focused on time-frequency analysis 
techniques to analyze leakage current patterns. 
Spectrogram and s-transform are proposed and signal 
parameters are extracted based on their time-frequency 
characteristics. The performance of both algorithms are 
analyzed and compared to perform leakage current 
classification.
II. EXPERIMENTAL WORK
Incline plane test (IPT) is normally used to evaluate the 
tracking and erosion resistance of insulating materials. It 
is a valuable tool for the comparison and evaluation of 
new and different materials under controlled electrical 
stress, to compare the suitability of materials for the 
dielectric surface of an insulator. It also has simplicity in 
test procedure and low equipment cost. IPT complies 
with BS EN 60587, and Polypropylene is used as the 
material under test. Fig. 1 shows the schematic circuit 
diagram for Inclined Plane Test. LABVIEW program is 
developed for LC data monitoring and storage for 
analysis purpose. In this study, Method 2 ‘variable 
voltage method’ or stepwise tracking voltage is applied to 
simulate the initial and continuous tracking voltage as 
well as surface condition events for sample specimen.
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Figure 1. Inclined plane test (IPT)
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III. TIME-FREQUENCY ANALYSIS TECHNIQUES
In this section, there are two types of linear time 
frequency analysis techniques are presented. They are 
spectrogram and s-transform.
A. Spectrogram
Spectrogram is one of the time-frequency representations 
(TFR) that represents a three-dimensional of the signal 
energy with respect to time and frequency. Spectrogram 
is the squared magnitude of the STFT. This technique 
roughly reflects how frequency content changes over 
time. Smaller window size used produces better time 
resolution but it also reduces frequency resolution. This is 
cause by window effect.
2
2( , ) ( ) ( ) j fxS t f h w t e d
p tt t t
¥
-
-¥
= -ò
             (1)
Where h(τ) is the input signal and w(t) is the window 
observation window. In this study, Hanning window is 
selected because of its lower peak side lope [10] which is 
narrow effect on other frequencies around fundamental 
value (50 Hz in this study) and other frequency 
components. 
B. S-transform
S-transform is proposed by Stockwell [13] which time 
frequency spectral localization method that combine 
element of Wavelet transform and short time Fourier 
transform (STFT). S-transform employs a moving and 
scalable localizing Gaussian window and the equation of 
Gaussian window shown in (3). It combines a frequency 
dependent resolution with simultaneous localizing the 
real and imaginary spectra. The basis functions for the s-
transform are Gaussian modulated cosinusoids whose 
width varies inversely with the frequency. S-transform,
introduced by Stockwell et al. (1996) is defined by the 
general equation (2):
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Where h(t) is the signal, t represent the time, f the 
frequency, g(t) the scalable Gaussian window and σ is a 
parameter which control the position of the Gaussian 
window on the x-axis. When the window is wider in time 
domain, s-transform provides better frequency resolution 
for lower frequency. While the window in narrower, it 
provide better time resolution for higher frequency.
IV. PARAMETER ESTIMATION
Parameters of the signal are estimated from the time 
frequency distribution to recognize the signal information 
in time. 
A. Instantaneous RMS Current
The instantaneous RMS current is
max
0
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f
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                                          (5)
B. Instantaneous RMS Fundamental Current (I1rms)
Instantaneous RMS fundamental current I1rms(t) is defined 
as the RMS current at power system frequency [14] and 
can be calculated as:
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Where f1 is the fundamental frequency that corresponds 
to the power system frequency and Δf is the bandwidth 
which is set to 50Hz.
C. Total Harmonic Distortion (THD)
THD is the relative signal energy present at non-
fundamental frequencies and written as:
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Where Ih,RMS(t) is RMS harmonic current and H is the 
highest measured harmonic component.
D. Total nonHarmonic Distortion (TnHD)
Nonharmonics are not multiple integer signal components 
frequency of the power system frequency. Therefore, 
TnHD is referred as distinguishing between nonharmonic 
and noise, and is calculated as:
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Where Im,RMS(t) is instantaneous RMS nonharmonic 
current and M is the highest measured nonharmonic 
component.
E. Total Waveform Distortion (TWD)
TWD consists of harmonic distortion and nonharmonic 
distortion. It can define as:
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V. RESULTS
Results were analyzed using computer generated 
waveform using MATLAB obtained from both time-
frequency distributions to determine their accuracy. Then, 
leakage current pattern are analyzed using spectrogram 
and s-transform.
A. Performance comparison analysis
Fig. 2a shows the simulated signal consist of fundamental 
frequency 50Hz and 20
th
harmonic that is 1000Hz then
the harmonic happen for 0.2s that is for 10 cycles.  Fig.
2b irms in pu for spectrogram and Fig. 2c irms pu for s-
transform. It clearly shows that the resolution of s-
transform is higher than spectrogram based on the 
magnitudes of Irms.
Figure 2. IRMS value of spectrogram and s-transform
Fig. 2a shows the signal with 1000Hz and the duration 
measurements, Td have been varies in 0.2s until 0.4s to 
observe the accuracy of the time for both methods. The 
results show in Fig. 3 point out s-transform values closer 
to actual time than spectrogram. This indicates that s-
transform is more accurate.
Figure 3. Duration measurements for different Td
Fig. 4a shows signal that contain harmonic and non-
harmonic in time domain. The signal hold fundamental, 
harmonic 50 Hz, 350 Hz and 455 Hz which have different 
amplitudes that is 1A, 0.5A and 0.3A significantly. Fig.
4b shows the signal in spectrogram meanwhile Fig. 4c
shows the s-transform for the signal. 
Figure 4. Spectrogram and s-transform for a signal with different 
frequencies
From Fig. 4 the information extracted that is THD and 
TnHD from both methods shown in Fig. 5a and Fig. 5b.
Figure 5a. THD, TnHD and TWD from Spectrogram
Figure 5b. THD, TnHD and TWD from s-transform
Optimal technique can been determine by comparing the 
accuracy of both methods. In order to attain accuracy of 
the simulation result, mean absolute percentage error 
(MAPE) was used as index. Smaller value of MAPE 
indicates more accurate results. It have been tested in 
[15]. The equation for mean absolute percentage error 
(MAPE) is shown below. Where At is actual value, Ft is 
measured value and n is number of data.
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The MAPE value for Fig. 3 was calculated. The 
spectrogram MAPE result is 1.1811% and s-transform is 
1.5095%. The MAPE results prove that s-transform gives 
the smaller value than spectrogram. 
B. Leakage current analysis
The leakage current signals consist of several patterns
that are capacitive, resistive, symmetrical discharge and 
unsymmetrical discharge. Fig. 6, 7, 8, 9 shows the 
Td
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parameter estimation obtains from spectrogram and s-
transform for each leakage current patterns. 
The amplitudes of IRMS have been normalized by 
dividing by the RMS value of the normal signal (resistive 
signal) over the window being analyzed. This is because 
at resistive signal only fundamental frequency, 50Hz 
exist. This information can be used to identify the surface 
condition of insulator. 
In capacitive state, the IRMS value for spectrogram is 
higher than s-transform shown in Fig. 6b. Then, the other 
parameters only have slightly difference for each other.
Figure 6. (a) Capacitive signal (b) Irms in pu (c) THD (d) TnHD 
(e) TWD
In resistive state, the IRMS value for spectrogram is 
higher than s-transform but for other parameters both 
show zero percent.
Figure 7. (a) Resistive signal (b) Irms in pu (c) THD (d) TnHD 
(e) TWD
In symmetrical discharge state, there are only small 
differences for all the parameter. 
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Figure 8. (a) Symmetrical signal (b) Irms in pu (c) THD (d) TnHD
(e) TWD
In unsymmetrical discharge state, there are significant 
differences at THD, TnHD and TWD values. The values 
for IRMS only have small differences from each others.
Figure 9. (a) Unsymmetrical signal (b) Irms in pu (c) THD (d) TnHD 
(e) TWD
VI. CONCLUSION
The instantaneously estimated parameters such as Irms, 
THD, TnHD, and TWD help monitoring state condition 
of the materials insulating condition. Spectrogram and s-
transform in time representation present information on 
frequency component with respect to time, frequency, 
and magnitude. The frequency component is consisting 
not only harmonics but also inter harmonic. Frequency 
component level of the signal can be used as indicator of 
surface condition event. Also, with higher content of 
harmonic and inter-harmonic will demonstrate the 
severity of the LC signal distortion. The information 
obtains from s-transform quite similar with spectrogram 
but it has better time information than spectrogram based 
on MAPE analysis. S-transform is useful for 
classification to determine the insulator surface condition.
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